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Abstract 

Both prepulse inhibition (PPI) of the startle response and P50 sensory gating are important tools to investigate the 
inhibitory mechanisms of sensory processing. However, previous studies found no or a weak association between 
these two measures, which may have been due to the different indexes used. We examined the relationship 
between P50 sensory gating and P50 PPI. P50m sensory gating and PPI of Change-related P50m were assessed in 
14 subjects using magnetoencephalography. Concerning P50m sensory gating, the amplitudes of the response to 
the second click relative to that to the first one were reduced by 43 and 47% for the left and right hemisphere, 
respectively. Change-related P50m was evoked by an abrupt sound pressure increase by 10 dB in a continuous 
click train of 70 dB. When this test stimulus was preceded by a click (prepulse) with a weaker sound pressure increase 
(5 dB) at a prepulse-test interval of 30, 60, or 90 ms, Change-P50m was suppressed by 33 ~ 65% while the prepulse itself 
elicited no or very weak P50m responses. Although the amplitude of the P50m response to the first click and the 
amplitude of the Change-P50m test alone response were positively correlated (r = 0.6), the degree of the inhibition 
of the two measures was not (r = -0.06 ~ 0.14). The neural origin was estimated to be located in the supratemporal 
plane around the superior temporal gyrus or Heschl's gyrus and did not differ between P50m and Change-P50m. 
The present results suggest that P50m and Change-P50m are generated by a similar group of neurons in the 
auditory cortex, while the mechanisms of P50m sensory gating and Change-P50m PPI are different. 
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Background 

Sensory gating is an important brain function in which 
sensory information is screened to allow an individual to 
focus on the most salient aspects of the sensory environ- 
ment (Braff et al. 2001; Swerdlow et al. 2001). Under- 
standing this inhibitory mechanism is important since it 
has been well established that patients with schizophre- 
nia show inhibitory deficits (Swerdlow et al. 2008; Braff 
2010), which is considered to be related to the develop- 
ment of their positive symptoms. Sensory gating is mea- 
sured by prepulse inhibition (PPI) of the startle response 
or suppression of the auditory evoked P50 component 
(P50 sensory gating). PPI is a phenomenon in which a 
weak leading stimulus, or prepulse, inhibits the startling 
reflexes evoked by a subsequent intense abrupt stimulus 
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(Graham 1975). A blink reflex following an intense sound 
is commonly used as an index of the startle response. 
Therefore, it has been referred to as sensorimotor gating. 
P50 sensory gating is a phenomenon in which an auditory 
evoked potential component peaking at 50 ms (P50) is 
suppressed when the same auditory stimulus is repeated. 
The amplitude of P50 to the first click and that to the 
second click presented 500 ms after the first one are 
commonly compared to assess the degree of the inhibition. 
Although P50 sensory gating is evaluated using electro- 
encephalography, some previous studies used magneto- 
encephalography (MEG) (Clementz et al. 1997, 2003; Edgar 
et al. 2003; Huang et al. 2003; Thoma et al. 2003; Hanlon 
et al. 2005; Lu et al. 2007; Hirano et al. 2010). Although 
both measures are considered to reflect an inhibitory 
process, previous studies found no or only a weak associ- 
ation between PPI and P50 sensory gating in healthy sub- 
jects (Schwarzkopf et al. 1993; Oranje et al. 1999; Light 
and Braff 2001; Brenner et al. 2004) as well as patients 
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with schizophrenia (Braff et al. 2007; Hong et al. 2007). 
Since the two measures use different responses as an 
index, one cortical response and another motor response, 
the lack of a meaningful correlation in these studies may 
have been due to methodological issues. 

We recently reported that auditory change-related cor- 
tical responses were inhibited by a prepulse in a similar 
manner to the PPI of startle reflexes (Inui et al. 2012). 
Change-related cortical responses represent sensory-evoked 
cortical activation specific to the change of a stimulus, 
and can be very clearly recorded with electroencephal- 
ography or MEG. Similar to P50 and startle blink reflexes, 
the change-related cortical response is preattentive and is 
elicited without any tasks and without the subject's atten- 
tion by any sensory changes including the onset and offset 
of a stimulus (Yamashiro et al. 2009; Inui et al. 2010a, 
2010b; Akiyama et al. 2011; Yamashiro et al. 2011; 
Ohoyama et al. 2012). Because of similar physiological 
significance and experimental behavior, the PPI of startle 
and PPI of change-related cortical responses are consid- 
ered to share underlying mechanisms (Inui et al. 2012). 
In addition to the change-related auditory response 
peaking at 100 ~ 130 ms (Change-Nl), we recently dem- 
onstrated that an earlier component at approximately 
60 ms (Change-P50m) was elicited by an abrupt audi- 
tory feature change (Nakagawa et al. 2013). If similar 
mechanisms exist between PPI and P50 sensory gating, 



we may identify significant correlations between P50 
sensory gating and the PPI of Change-P50 using a simi- 
lar response, the P50 auditory component. 

Methods 

The study was approved in advance by the Ethics Com- 
mittee of the National Institute for Physiological Sciences, 
Okazaki, Japan, and written consent was obtained from all 
subjects. The experiment was performed on 14 (four 
females and ten males) healthy volunteers, aged 28 - 54 
(39 ± 7) years. They were asked to refrain from alcohol, 
caffeine, and smoking for at least 12 hours prior to the 
experiment. There were two smokers. All subjects had 
no history of mental or neurological disorders or sub- 
stance abuse in the last two years. They were free of 
medication at testing. They had a hearing threshold 
lower than 30 dB at 1000 Hz as assessed by an audiom- 
eter (AA-71, Rion, Tokyo, Japan). 

Auditory stimuli 

A single sine wave 1 ms in duration was used as a click 
sound for both P50m sensory gating and PPI experiments. 
We used a train of the click sounds at 100 Hz (Nakagawa 
et al. 2013) for the PPI experiment. Four types of sound 
stimuli were used (Figure 1): 60 repeats of the same click 
600 ms in total duration and 70 dB SPL in sound pressure 
(Standard), 40 standard clicks (400 ms) followed by 20 
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Figure 1 Auditory stimuli for prepulse inhibition. A), a single sine wave 1 ms in duration was repeatedly presented at 100 Hz. B), the 

standard or background stimulus was a train of click sounds 70 dB SPL in sound pressure and 600 ms in duration. The test stimulus to evoke 
change-related cortical responses consisted of a similar train of clicks of 70 dB for 400 ms followed by 80 dB clicks for 200 ms. One click of 75 i 
was inserted before the test stimulus as a prepulse. 
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clicks of 80 dB (Test alone), the Test preceded by one 
click of 75 dB (Prepulse + Test), and the Standard with 
Prepulse (Prepulse alone). Sound stimuli were presented 
binaurally through ear pieces (E-A-Rtone 3A, Aero 
Company, Indianapolis, IN). 

MEG recordings 

Magnetic signals were recorded using a 306-channel whole- 
head type MEG system (Vector-view, ELEKTA Neuromag, 
Helsinki, Finland), which comprised 102 identical triple 
sensor elements. Each sensor element consisted of two 
orthogonal planar gradiometers and one magnetometer 
coupled to a multi-superconducting quantum interfer- 
ence device (SQUID) and, thus, provided 3 independent 
measurements of the magnetic fields. In this study, we 
analyzed MEG signals recorded from 204 planar-type 
gradiometers. These planar gradiometers are powerful 
enough to detect the largest signal just over local cere- 
bral sources. The signals were recorded with a bandpass 
filter of 0.1-200 Hz and digitized at 1004 Hz. Analysis 
was conducted from 100 ms before to 300 ms after the 
onset of the click (P50m sensory gating) or the abrupt 
increase in sound pressure (PPI). The 100 ms pre- 
stimulus (or pre-change) period was used as the base- 
line. Epochs with MEG signals larger than 2.7 pT / cm 
were rejected from the averaging. 

Procedures 

Experiments were conducted in a quiet, magnetically 
shielded room. Subjects sat in a chair and watched a silent 
movie on a screen 1.5 m in front of them throughout the 
experiments. Experiments for PPI and P50m sensory 
gating were carried out successively in this order with a 
few minutes rest period for all subjects. 

PPI of change-related P50m 

The Prepulse was presented either 30, 60, or 90 ms before 
the abrupt increase in sound pressure at 400 ms in the 
click train. Therefore, there were eight stimuli: 1) Standard 
alone, 2) Test alone, 3) ~ 5) Prepulse alone, and 6) ~ 8) 
Prepulse + Test. Eight stimuli were presented randomly 
at an even probability at a trial-trial interval of 800 ms. 
A total of 150 ~ 155 artifact-free epochs were averaged 
for each stimulus. 

Recorded MEG waveforms were subjected to band-pass 
filtering of 2 ~ 75 Hz and analyzed as previously reported 
(Inui et al. 2012). In brief, the Test alone response was 
obtained by subtracting the waveform for the Standard 
from that for the Test alone stimulus (Figure 2B). Simi- 
larly, the Prepulse + Test response was obtained by sub- 
tracting the waveform for the Prepulse alone stimulus 
from that for the Prepulse + Test stimulus. Using the 
difference waveforms for the Test-alone stimulus, an 
equivalent current dipole for the magnetic component 



at around 60 ms, Change-P50m, was estimated for each 
hemisphere using BESA (NeuroScan, Mclean, VA). The 
obtained two-dipole model was applied to all subtracted 
waveforms, and the source strength waveform was used 
to measure the peak latency and amplitude of Change- 
P50m. The amplitude of the response was measured from 
the baseline. The percentage inhibition of the Change- 
P50m amplitude by the Prepulse (%PPI) was defined as 
(Test alone response - Prepulse + Test response) / Test 
alone response * 100. 

P50 sensory gating 

A paired stimulation paradigm was used to assess P50m 
sensory gating. A click 1 ms in duration and 80 dB in 
sound pressure was used. The click-click interval was 
500 ms. The trial-trial interval was 8 ~ 12 s. Epochs of 150 
click pairs were averaged. Similar to the above procedures, 
a two-dipole model was obtained using the waveform 
evoked by the first click (Click 1). Source strength wave- 
forms were obtained by applying the model to both the 
waveform for Click 1 and Click 2, and the peak latency 
and amplitude were measured. The amplitude was mea- 
sured from the baseline. Percentage inhibition of P50m 
(P50m%inhibition) was defined as (Click 1 response - 
Click 2 response) / Click 1 response * 100. 

Statistical analysis 

The Change-P50m amplitude and latency were compared 
among four test responses, Test alone and three Prepulse + 
Test responses, using a two-way repeated measures ANOVA 
with Prepulse and Hemisphere as the independent variables. 
The amplitude and latency of P50m were compared be- 
tween Click 1 and Click 2 by a two-way ANOVA (Click x 
Hemisphere). The degree of PPI was compared among 
three prepulses and between hemispheres by a two-way 
repeated measures ANOVA. Post hoc comparisons were 
conducted using Fisher's least significant difference. The 
degree of P50m sensory gating was compared between 
hemispheres by a paired t-test. The location of estimated 
dipoles was expressed in Talairach coordinates using BESA 
and Brain Voyager (QX 1.4, Maastricht, the Netherlands). 
The difference in the source location between the two 
measures was assessed by a paired t-test for each axis. 
The correlation coefficient of the inhibition between the 
two measures was evaluated using Fisher's Z transform- 
ation. When the sphericity assumption was violated, the 
Greenhouse-Geisser correction coefficient epsilon was used 
for correcting the degrees of freedom and the F-value 
and significance probability were then re-calculated. 
All statistical analyses were performed at the 0.05 level 
of significance. IBM SPSS Statistics (version 21) was 
used for statistical analysis. Data are expressed as the 
mean ± standard deviation (SD). 
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Figure 2 Magnetic responses to the stimuli. Superimposed waveforms of all 204 sensors recorded from one representative subject. Aa, responses 
to the Standard, Test alone, Prepulse (30 ms) +Test, and Prepulse alone stimuli. Ab, subtracted waveforms. Red and pink arrowheads indicate the 
onset of the Test and Prepulse, respectively. B), magnetic responses under the P50m sensory gating paradigm. 



Results 
PPI 

The test stimulus, an abrupt increase in sound pressure by 
10 dB, evoked a clear response at approximately 60 ms 
(Change-P50m) in all the 14 subjects tested. Figure 2A 
shows an example of the recorded (Aa) and subtracted 
(Ab) waveforms. The dipole for Change-P50m was esti- 
mated to be located in the supratemporal plane around 
the lateral part of Heschl's gyrus or the superior temporal 
gyrus (Figure 3C). Figure 3B shows grand-averaged source 
strength waveforms of the estimated dipole for each 
stimulus. The mean peak latency and amplitude for 
each condition are listed in Table 1. The Prepulse alone 
response could be reliably identified in only one subject, 
and no further analyses were performed. The results of 
the two-way ANOVA (Prepulse x Hemisphere) revealed 
that the amplitude of Change-P50m was significantly 
different among the four Test responses (F339 = 21.11, 



p < 0.001). The Test alone amplitude was significantly 
greater than the Prepulse + Test amplitude for each Prepulse 
(lsd=1.75, df=39, p < 0.001), which confirmed the 
inhibitory effects of the prepulse on Change-P50m. 
Although the Hemisphere was not a significant factor 
to determine the Change-P50m amplitude (F143 = 0.253, 
p = 0.623), a significant Prepulse x Hemisphere interaction 
was found (F 3j 39 = 6.1, p = 0.002). The results of each pair 
comparisons showed that the amplitude of the Test alone 
response was significantly greater for the right hemisphere 
than for the left (lsd = 1.69, df = 13, p = 0.02). The peak 
latency did not differ between hemispheres (Fi il3 = 0.20, 
p = 0.66) or among four test responses (F 3 39 = 1.98, 
p = 0.132). 

The results of the two-way ANOVA showed that the 
degree of the inhibition was significantly stronger for 
the right hemisphere (Fi,i3 = 12.49, p = 0.004), but was 
not different among the three Prepulses (F 2 ,26 = 1-08, 
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Figure 3 Grand-averaged source strength waveforms. Grand-averaged waveforms of Change-P50m (A) and P50m (B). The mean peak latencies 
are indicated by arrows. Upward and downward deflections indicate the source strength of the current directing anterosuperior and posteroinferior, 
respectively. C), the mean location of the estimated dipole for Change-P50m and P50m superimposed on standard MR images. 



p = 0.355). On average,%PPI was greatest for the right 
response with the 30-ms Prepulse (65 ± 26%) and was 
weakest for the left 90-ms Prepulse (33 ± 35%). 

P50 sensory gating 

Figure 2B shows an example of magnetic responses to 
the paired stimulus. The neural source responsible for 

Table 1 Peak latency and amplitude of Change-P50m 
and P50m 

Latency (ms) Amplitude (nAm) Inhibition (%) 



PPI 



Lt 



Rt 



Lt 



Rt 



Lt 



Rt 



Test alone 69+10 68 ±6 9.8 ±4 
30 ms 67 ±9 70 ± 1 2 6.1 ±4.1 
60 ms 74+ 13 71 ±11 5.1 ±3.9 
6.6 ±4.2 



12.7 ±4.4 
4.4 ± 2.9 
5.7 ±3.7 
6.3 ± 3.4 



90 ms 73 ± 9 72 ± 7 
P50 Sensory gating 

Click 1 52 + 10 49+10 13.5 + 6.2 15.2 + 5.0 
Click 2 53 ± 13 52 ±13 6.8 ±3.1 8.5 ±4.3 
Values are the mean ± SD. 



40 ±27 65 ± 26 
44 ±34 56 ± 20 
33 ±35 49 ±23 



43 ±24 47 ± 23 



the P50m component was estimated to be located in the 
anterolateral part of Heschl's gyrus or the superior tem- 
poral gyrus similar to Change-P50m. Since MEG is not 
sensitive to sources in deep brain areas or with an intra- 
cellular current radial to the brain surface, the present 
finding does not rule out the involvement of other sources 
(see Huotilainen et al. 1998). The grand-averaged source 
strength waveform is shown in Figure 3B. The mean loca- 
tion of the dipole is shown in Figure 3C. The peak latency 
and amplitude of P50m are listed in Table 1. The results 
of the two-way ANOVA (Click x Hemisphere) showed 
that the P50m amplitude was significantiy different be- 
tween Click 1 and Click 2 (F 1>13 = 46.93, p < 0.001). The 
P50m amplitude was also slightly different between the 
hemispheres (F^^ = 3.18, p = 0.098). The amplitude for 
the right hemisphere was greater for both Click 1 and 
Click 2 on average. No significant difference was observed 
in the P50m%inhibition (t 13 = 0.48, p = 0.636) between 
the right (43 ± 24%) and left (47 ± 23%) hemispheres. 
The peak latency did not differ between hemispheres 
(Fi,i3 = 0.64, p = 0.439) but was slightly shorter for Click 
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1 (Fi,i3 = 4.51, p = 0.053). The overall P50m latency was 
50.6 ± 2.5 ms for Click 1 and 52.9 ± 3 ms for Click 2. 

Relationship between P50m sensory gating and PPI 

No significant difference was observed in the dipole 
location and orientation between Change-P50m and 
P50m (Figure 3C). The mean Talairach coordinates 
were -50, -23, 8 and 49, -19, 5 for P50m and -52, -21, 5 
and 49, -15, 4 for Change-P50m. The amplitude of 
P50m for Click 1 and the amplitude of Change-P50m 
for the Test alone response were positively correlated 
(r = 0.61, p < 0.001; Figure 4). Concerning inhibition, 
P50m%inhibition was not significantly correlated with 
%PPI of the 30-ms Prepulse (r = 0.13), 60-ms Prepulse 
(0.14), 90-ms Prepulse (-0.06), or their average (0.09). 
The relationship between P50m sensory gating and 
PPI for the 60-ms Prepulse is shown in Figure 5. 

Discussion 

Our previous study demonstrated that auditory change- 
related cortical activity peaking approximately 120 ms 
after the onset of an abrupt sound feature change 
(Change-Nlm) was attenuated by a preceding weaker 
and briefer change stimulus (prepulse) in a similar man- 
ner to the PPI of startle responses (Inui et al. 2012). The 



present study confirmed that an earlier change-related 
component, Change-P50m, was also markedly inhibited 
by a prepulse. Similar to the PPI of the startle response 
in humans and rats (Swerdlow et al. 2004), the prepulse 
inhibited Change-P50m without eliciting clear cortical 
responses, which supports the presence of an inhibitory 
process. Although it is necessary to determine whether 
these phenomena and PPI of the startle reflex are regu- 
lated similarly, prepulse inhibition in the brain may be 
beneficial for studying the central mechanisms of the 
inhibitory process. 

In the present study, we compared two measures using 
a similar index, the auditory evoked cortical response. 
The dipole location and orientation did not differ between 
P50m and Change-P50m, and the amplitude of Click 1 
P50m and Test alone Change-P50m were also significantly 
correlated with each other, which suggested that they 
arise from a similar or same group of neurons. Regard- 
ing the similarity between P50m and Change-P50m, 
previous studies demonstrated auditory Nl in response 
to the sound onset (Onset-Nl) to be a kind of Change- 
related cortical response elicited by the abrupt onset of 
a sound against silence (Nishihara et al. 2011), and that 
a positive correlation existed between the amplitude 
of Onset-Nlm and Change-Nlm evoked by a sound 




10 15 
Click 1 P50m 



20 (nAm) 25 



Figure 4 Correlation of the baseline amplitude between Change-P50m and P50m. Plots show the relationship between the amplitude of 
P50m for the first click (x axis) and that of Change-P50m for the Test alone response (y axis). 
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frequency change (r = 0.82) (Yamashiro et al. 2011). 
Although less is known about Change-P50m, our pre- 
vious study showed the presence of a change-related 
endogenous component at 50 ~ 60 ms (Nakagawa et al. 
2013). The present results support the hypothesis that 
onset P50m and Change-P50m share, at least in part, 
generating mechanisms and physiological significance. 
Therefore, it appeared likely that we could find a sig- 
nificant correlation between the two measures if the 
inhibitory process is similar. However, the results of 
the present study showed no clear relationship between 
P50m sensory gating and PPI, which confirmed previous 
studies using PPI of the startle response in healthy sub- 
jects (Schwarzkopf et al. 1993; Oranje et al. 1999; Light 
and Braff 2001; Brenner et al. 2004), patients with 
schizophrenia (Braff et al. 2007; Hong et al. 2007), and 
rats (Ellenbroek et al. 1999). 

Regarding P50m sensory gating, the amplitude of the 
response to the first click depends on the sensitiveness 
of the subject to the abrupt sound change and the 
strength of sensory memory for the click of the preced- 
ing trial (Inui et al. 2010b). That is, stronger sensory 
memory attenuates the next response more strongly. 
However, this effect of sensory memory is negligible 
because the trial-trial interval of 10 s has been shown 



to be longer than the lifetime of sensory memory (Inui 
et al. 2010a). The amplitude for the second click de- 
pends on the strength of sensory memory for the first 
click, the subject's own sensitiveness, and inhibitory ac- 
tion due to the first click if present. That is, more 
slowly fading sensory memory for the first click results 
in a smaller response. Taken together, the ratio of the 
two responses (S2/S1) largely depends on how much 
the first response contains change-related endogenous 
activity (sensitiveness) and the time course of sensory 
memory for the first click. For example, a subject with 
less change-related activity would show lower inhib- 
ition regardless of the status of sensory memory. A 
subject with quickly fading sensory memory would also 
show weak inhibition. 

Regarding PPI of Change-P50m, the amplitude of the 
Test alone response depends on the sensitiveness of the 
subject's change-detecting system similar to the Click 1 
response for P50m sensory gating. The amplitude of 
the Prepulse + Test response depends on the strength 
of the inhibitory action elicited by the prepulse, the 
steepness of the rise in inhibitory action, and its life- 
time. Some subjects exhibited stronger inhibition for the 
30-ms, 60-ms, and 90-ms Prepulse in this order, which 
suggested that the 30-ms Prepulse exerted adequate 
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inhibitory effects on the test response and these inhibi- 
tory effects became weaker with time in these subjects, 
as shown in a recent study on Change-Nlm PPI (Inui 
et al. 2012). Others subjects exhibited the strongest in- 
hibition with the 60-ms or 90-ms Prepulse, implying 
that 30 ms was too short to reach the maximum inhib- 
ition in these subjects. Taken together, the degree of 
the inhibition depends on the strength of the inhibitory 
action elicited by the Prepulse. The steepness of the 
rise in inhibitory action and its lifetime also affects the 
degree of the inhibition for each interval condition. Since 
our preliminary study showed that a prepulse with a 
prepulse-test interval longer than 200 ms only exerts a 
very weak effect on the test response, the lifetime of 
the inhibitory action in the present study appears to be 
far shorter than 500 ms. Therefore, an inhibitory 
process involved in P50m sensory gating appears weak 
if present. 

To summarize, only the sensitiveness of the subject's 
change-detecting system is a common factor between 
P50m sensory gating and PPI to determine the test re- 
sponse. The two measures appear to share few mecha- 
nisms for inhibition. Although the relationship between 
PPI of the startle response and PPI of the Change- 
related cortical response has not yet been clarified, previ- 
ous studies on P50 sensory gating and PPI of the startle 
response supported the general hypothesis that the two 
measures reflect different inhibitory mechanisms. In clin- 
ical studies, it has been established that patients with 
schizophrenia show deficits in both P50 sensory gating 
and PPI of the startle response. This may be explained 
by these patients having reduced sensitivity to sensory 
changes, which is expected to result in a reduced test 
response for both measures and, therefore, in reduced 
inhibition. Our study showed that patients with schizo- 
phrenia had significantly weaker change-related auditory 
responses than those of healthy subjects (Ohoyama et al, 
unpublished data). Clinical studies showing that P50 gat- 
ing and PPI were differently affected in a certain group 
of patients (Holstein et al. 2013) support the two mea- 
sures being regulated differently. Pharmacological stud- 
ies have also supported this by showing the different 
effects of a pharmacological substrate on the two mea- 
sures (Mann et al. 2008). 

One possible factor to influence the correlation between 
two measures is test-retest reliability of PPI and P50m gat- 
ing. Although a recent study showed a good reliability of 
Change-Nlm PPI (r 2 = 0.45 ~ 0.49) (Kodaira et al. 2013), 
that of Change-P50m is not known. Since previous studies 
demonstrated that there are some techniques to improve 
the test-retest reliability of P50 sensory gating (Lu et al. 
2007; Rentzsch et al. 2008), the reliability of Change- P50m 
PPI should be tested in future studies. If necessary, we 
should try to improve the reliability of Change-P50m PPI 



in order to use it as a biological marker of the sensory 
gating process. 

Similar to previous studies on Change-Nlm (Inui et al. 
2010b, 2012), Change-P50m was larger in amplitude in 
the right hemisphere, implying right hemisphere domin- 
ance for change detection. In addition, the present study 
found that PPI was greater for the right hemisphere. 
In studies using startle blink reflexes, PPI was stronger 
for the right eye response in healthy subjects, however, 
this right side dominance disappeared in schizophrenics 
(Cadenhead et al. 2000). Although the precise relationship 
between hemispheric differences and startle response lat- 
erality remains unclear, it is interesting that both measures 
showed laterality. Since patients with schizophrenia and 
their relatives show less asymmetry of PPI (Cadenhead 
et al. 2000), future studies on hemispheric differences 
should progress our understanding of the biology and 
genetic background of this disease. 

Conclusion 

Here, we demonstrated that 1) the auditory change-related 
P50m component was robustly inhibited by a prepulse, 2) a 
positive correlation existed between the baseline amplitudes 
of click-evoked P50m and Change-P50m and the neural 
origin did not differ between the two responses, which 
suggested that they were generated by a similar group 
of neurons in the auditory cortex, and 3) no correlation 
was found between P50m sensory gating and PPI of 
Change-P50m. Taken together, the present findings do 
not indicate that P50m sensory gating and PPI of Change- 
P50m reflect similar brain mechanisms. Because some 
diseases have been associated with an abnormality in both 
P50 gating and PPI, similarities and dissimilarities between 
these two measures still need to be elucidated in more 
detail. Future clinical studies on the PPI of Change-related 
cortical responses may provide us with important infor- 
mation on abnormalities in the inhibitory process in 
some diseases. 

Abbreviations 

MEG: Magnetoencephalography; PPI: Prepulse inhibition. 
Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

Kl contributed to planning the study, data collection and analysis, and 
drafting the manuscript. MK, EM, and MN contributed to planning the study. 
AT and KN contributed to data collection and analysis. RK contributed to 
drafting the manuscript. All authors read and approved the final manuscript. 

Acknowledgments 

This study was supported by a grant from the Smoking Research Foundation 
and JSPS KAKENHI Number 25351001. The authors are grateful to Yasuyuki 
Takeshima for his technical support. 

Author details 

department of Integrative Physiology, National Institute for Physiological 
Sciences, Okazaki 444-8585, Japan. 2 Multidisciplinary Pain Center, Aichi 



Inui ef al. SpringerPlus 2013, 2:588 
http://www.springerplus.eom/content/2/1/588 



Page 9 of 9 



Medical University, Aichi 480-1 195, Japan, department of Psychiatry, Mie 
University Graduate School of Medicine, Tsu 514-8507, Japan. 

Received: 11 September 2013 Accepted: 30 October 2013 
Published: 1 November 2013 

References 

Akiyama LF, Yamashiro K, Inui K, Kakigi R (201 1) Automatic cortical responses to 

sound movement: a magnetoencephalography study. Neurosci Lett 488:1 83-187 
Braff DL (2010) Prepulse inhibition of the startle reflex: a window on the brain in 

schizophrenia. Curr Top Behav Neurosci 4:349-471 
Braff DL, Geyer MA, Swerdlow NR (2001) Human studies of prepulse inhibition of 

startle: normal subjects, patient groups, and pharmacological studies. 

Psychopharmacology (Berl) 156:234-258 
Braff DL, Light GA, Swerdlow NR (2007) Prepulse inhibition and P50 suppression are 

both deficient but not correlated in schizophrenia patients. Biol Psychiatry 

61:1204-1207 

Brenner CA, Edwards CR, Carroll CA, Kieffaber PD, Hetrick WP (2004) P50 and 

acoustic startle gating are not related in healthy participants. Psychophysiology 
41:702-708 

Cadenhead KS, Swerdlow NR, Shafer KM, Diaz M, Braff DL (2000) Modulation of 

the startle response and startle laterality in relatives of schizophrenic patients 

and in subjects with schizotypal personality disorder: evidence of Inhibitory 

deficits. Am J Psychiatry 157:1660-1668 
Clementz BA, Blumenfeld LD, Cobb S (1997) The gamma band response may 

account for poor P50 suppression in schizophrenia. Neuroreport 8:3889-3893 
Clementz BA, Dzau JR, Blumenfeld LD, Matthews S, Kissler J (2003) Ear of 

stimulation determines schizophrenia-normal brain activity differences in an 

auditory paired-stimuli paradigm. Eur J Neurosci 18:2853-2858 
Edgar JC, Huang MX, Weisend MP, Sherwood A, Miller GA, Adler LE, Canive JM 

(2003) Interpreting abnormality: an EEG and MEG study of P50 and the 

auditory paired-stimulus paradigm. Biol Psychol 65:1-20 
Ellenbroek BA, van Luijtelaar G, Frenken M, Cools AR (1999) Sensory gating in 

rats: lack of correlation between auditory evoked potential gating and 

prepulse inhibition. Schizophr Bull 25:777-788 
Graham FK (1 975) Presidential Address: The more or less startling effects of weak 

prestimulation. Psychophysiology 12:238-248 
Hanlon FM, Miller GA, Thoma RJ, Irwin J, Jones A, Moses SN, Huang M, Weisend MP, 

Paulson KM, Edgar JC, Adler LE, Cahlve JM (2005) Distinct M50 and M100 

auditory gating deficits in schizophrenia. Psychophysiology 42:41 7-427 
Hirano Y, Hirano S, Maekawa T, Obayashi C, Oribe N, Monji A, Kasai K, Kanba S, 

Onitsuka T (2010) Auditory gating deficit to human voices in schizophrenia: 

a MEG study. Schizophr Res 1 1 7:61 -67 
Holsteln DH, Vollenwelder FX, Geyer MA, Csomor PA, Belser N, Eich D (2013) 

Sensory and sensorimotor gating in adult attention-deficit/hyperactivity disorder 

(ADHD). Psychiatry Res 2013(205):! 17-126 
Hong LE, Summerfelt A, Wonodi I, Adaml H, Buchanan RW, Thaker GK (2007) 

Independent domains of inhibitory gating in schizophrenia and the effect of 

stimulus interval. Am J Psychiatry 164:61-65 
Huang MX, Edgar JC, Thoma RJ, Hanlon FM, Moses SN, Lee RR, Paulson KM, 

Weisend MP, Irwin JG, Bustillo JR, Adler LE, Miller GA, Canive JM (2003) 

Predicting EEG responses using MEG sources in superior temporal gyrus 

reveals source asynchrony in patients with schizophrenia. Clin Neurophysiol 

114:835-850 

Huotilainen M, Winkler I, Alho K, Escera C, Virtanen J, llmoniemi RJ, Jaaskelainen IP, 

Pekkonen E, Naatanen R (1998) Combined mapping of human auditory EEG 

and MEG responses. Electroencephalogr Clin Neurophysiol 108:370-379 
Inui K, Urakawa T, Yamashiro K, Otsuru N, Nlshihara M, Takeshima Y, Kakigi R 

(2010a) Non-linear laws of echoic memory and auditory change detection in 

humans. BMC Neurosci 11:80 
Inui K, Urakawa T, Yamashiro K, Otsuru N, Takeshima Y, Nishihara M, Motomura E, 

Kida T, Kakigi R (2010b) Echoic memory of a single pure tone indexed by 

change-related brain activity. BMC Neurosci 1 1:135 
Inui K, Tsuruhara A, Kodaira M, Motomura E, Tanii H, Nishihara M, Keceli S, Kakigi R 

(2012) Prepulse inhibition of auditory change-related cortical responses. 

BMC Neurosci 31:135 
Kodaira M, Tsuruhara A, Motomura E, Tanii H, Inui K, Kakigi R (2013) Effects of 

acute nicotine on prepulse Inhibition of auditory change-related cortical 

responses. Behav Brain Res. in press 
Light GA, Braff DL (2001) Measuring P50 suppression and prepulse inhibition in a 

single recording session. Am J Psychiatry 158:2066-2068 



Lu BY, Edgar JC, Jones AP, Smith AK, Huang MX, Miller GA, Canive JM (2007) 
Improved test-retest reliability of 50-ms paired-click auditory gating using 
magnetoencephalography source modeling. Psychophysiology 44:86-90 

Mann C, Croft RJ, Scholes KE, Dunne A, O'Neill BV, Leung S, Copolov D, Phan KL, 
Nathan PJ (2008) Differential effects of acute serotonin and dopamine 
depletion on prepulse inhibition and p50 suppression measures of 
sensorimotor and sensory gating in humans. Neuropsychopharmacology 
33:1653-1666 

Nakagawa K, Otsuru N, Inui K, Kakigi R (2013) Change-related auditory P50 (2013) 

A MEG study. Neuroimage. in press 
Nishihara M, Inui K, Motomura E, Otsuru N, Ushida T, Kakigi R (201 1) Auditory N1 

as a change-related automatic response. Neurosci Res 71:145-148 
Ohoyama K, Motomura E, Inui K, Nishihara M, Otsuru N, Oi M, Kakigi R, Okada M 

(2012) Memory-based pre-attentive auditory Nl elicited by sound movement. 

Neurosci Res 73:248-251 
Oranje B, van Berckel BN, Kemner C, van Ree JM, Kahn RS, Verbaten MN (1999) 

P50 suppression and prepulse inhibition of the startle reflex in humans: a 

correlational study. Biol Psychiatry 45:883-890 
Rentzsch J, Jockers-Scherubl MC, Boutros NN, Gallinat J (2008) Test-retest reliability of 

P50, N100 and P200 auditory sensory gating in healthy subjects. Int J Psychophysiol 

67:81-90 

Schwarzkopf SB, Lamberti JS, Smith DA (1993) Concurrent assessment of acoustic 

startle and auditory P50 evoked potential measures of sensory inhibition. 

Biol Psychiatry 33:815-828 
Swerdlow NR, Geyer MA, Braff DL (2001) Neural circuit regulation of prepulse 

inhibition of startle in the rat: current knowledge and future challenges. 

Psychopharmacology (Berl) 156:194-215 
Swerdlow NR, Talledo J, Shoemaker JM, Codon K, Goins J, Auerbach PP (2004) 

Weak prepulses inhibit but do not elicit startle in rats and humans. 

Biol Psychiatry 55:1 195-1 1 98 
Swerdlow NR. Weber M, Qu Y, Light GA, Braff DL (2008) Realistic expectations of 

prepulse inhibition in translational models for schizophrenia research. 

Psychopharmacology (Berl) 199:331-388 
Thoma RJ, Hanlon FM, Moses SN, Edgar JC, Huang M, Weisend MP, Irwin J, 

Sherwood A, Paulson K, Bustillo J, Adler LE, Miller GA, Canive JM (2003) 

Lateralization of auditory sensory gating and neuropsychological dysfunction 

in schizophrenia. Am J Psychiatry 160:1595-1605 
Yamashiro K, Inui K, Otsuru N, Kida T, Kakigi R (2009) Automatic auditory 

off-response In humans: an MEG study. Eur J Neurosci 30:125-131 
Yamashiro K, Inui K, Otsuru N, Kakigi R (201 1) Change-related responses in the 

human auditory cortex: an MEG study. Psychophysiology 48:23-30 



doi:1 0.1 1 86/21 93-1 801-2-588 

Cite this article as: Inui ef al: Prepulse inhibition of change-related 
P50m no correlation with P50m gating. SpringerPlus 2013 2:588. 



Submit your manuscript to a SpringerOpen 0 
journal and benefit from: 

► Convenient online submission 

► Rigorous peer review 

► Immediate publication on acceptance 

► Open access: articles freely available online 

► High visibility within the field 

► Retaining the copyright to your article 



Submit your next manuscript at ► springeropen.com 



